Letter to the Editor
. The same polykaryon as in Fig. 1 in a serial section reacted with antibody specific for PRRSV (SDOW-17). Absence of staining reveals nuclear detail. Bar ϭ 10 m. Fig. 3 . Bronchointerstitial pneumonia in weanling pig. Reaction of tissue with PRRSV-specific antibody (SDOW-1) reveals few scattered antigen-positive alveolar macrophages. Bar ϭ 50 m. Fig. 4 . Serial section of pneumonic tissue in Fig. 3 . Reaction of tissue with antibody raised against PCV-2 reveals copious intranuclear and intracytoplasmic viral antigen. Bar ϭ 50 m. It has been a year since the photomicrograph of a spectacular polykaryon in a lymph node from a pig infected with porcine reproductive and respiratory syndrome virus (PRRSV) graced the cover of Veterinary Pathology. The figure in question was taken from the lead article of that issue, a comprehensive review of the literature that had accumulated on PRRSV, an arterivirus infection of swine. 8 In that same month, two reports of a ''new'' viral disease of swine, porcine circovirus (PCV)-2 infection, and a new wasting syndrome christened postweaning multisystematic wasting syndrome (PMWS) were also published. 2, 5 We wish to draw the attention of the readers of Veterinary Pathology to the possibility that many of the pathologic features that have been attributed to PRRSV could in fact be caused by this newly identified PCV. This possibility was not raised in the review article nor in numerous subsequent papers on PRRSV, some of which have appeared in Veterinary Pathology.
In our experience, polykaryons are not a diagnostic feature of PRRSV infections. In fact, a very recent article that described the pathogenesis of a Korean strain of PRRSV tracked virus spread through lungs and lymphoid tissues of young swine and failed to identify a single virus-positive (RNA or antigen) syncytial cell in any tissue. 3 To our knowledge, there has never been documentation that these syncytial giant cells are either porcine reproductive and respiratory syndrome viral RNA or protein positive. Indeed, it has been categorically stated that PRRSV is not found in these syncytial giant cells. 9 In contrast, the direct association of viral antigens with polykaryons is a frequent diagnostic finding in PCV-2 infected pigs (Figs. 1, 2).
The reproduction of disease characterized by fever, pneumonia, lethargy, failure to thrive, and increased mortality in weaned pigs has not been accomplished with PRRSV isolates recovered from infected hogs. 8 In fact, the only swine subgroup that appears to be susceptible to high mortality from PRRSV infection is neonates. Beyond this, a convincing case for the direct involvement of PRRSV in the genesis of any of the extrapulmonary lesions described as characteristic of the infection remains to be made. For example, multisystemic vasculitis, cited as highly suggestive of PRRSV infection has, to our knowledge, rarely been convincingly linked to the presence of viral material in blood vessels and could well be due to unrelated events. Moreover, PRRSV antigen is not detectable in endothelial cells in any tissue other than heart and lung. 6, 9 Vasocentric ''inflammation'' of the gastric muscularis, far from being unique to PRRSV infection, is a frequent finding in pigs infected with PCV-2, as well as a common (approaching 100%) event in piglets infected with the gastric bacterial pathogen Helicobacter (Gastrospirillum) hominis (suis) or its human counterpart Helicobacter pylori. Microscopic myocardial lesions have been described as a ''late feature of PRRSV infection'' even though the degree of myocarditis observed far exceeds the amount of viral antigen detected in myocardial tissue. Reasons cited for the discrepancy have included implicating ''immune complex events'' and the peculiarities of PRRSV antigen, which apparently ''fades'' from detection by standard immunohistochemical methods after prolonged formalin fixation of tissues. 8 In order to sustain the validity of the ''fading PRRSV antigen'' argument, further documentation is required.
Failure to reproduce the full spectrum of disease with various PRRSV isolates has also been attributed to the failure to reproduce the ''immunosuppression'' that purportedly accompanies the infection. However, several reports have raised the question whether PRRSV infection results in clinical immunosuppression at all. 1, 4, 10 Finally, failure to account for the full spectrum of histologic lesions within pigs by demonstration of the causative agent in these sites or failure to reproduce severe field disease has been attributed to substantial strain differences among PRRSV isolates. It has been proposed that, as an RNA virus, quasispecies are routinely generated in the course of PRRSV replication and could vary in phenotype (plaque sizes), sequence differences, and antigenic profile. Therefore, disease expression (mild, severe, or, most recently, hepatotropic) could be linked to the quas- ispecific nature of this single-stranded RNA beast. There are, however, other possibilities.
In light of the emerging knowledge regarding PCV-2 infection and expression as PMWS, is it possible that many of the pathologic features ascribed to PRRSV could in fact be attributable to infection or coinfection with PCV-2? To investigate this possibility, we examined tissues from a dozen randomly selected ''PRRSV pneumonias'' for the presence of PCV-2 antigens within pulmonary and lymphoid lesions attributable to PRRSV. These cases had been submitted as routine diagnostic cases from different farms over the last 3 years. Over 50% of these ''PRRSV pneumonias'' were found to also contain PVC-2 antigen (Figs. 3, 4 ). In many of these cases, cytoplasmic inclusions were not seen. The presence of typical cytoplasmic inclusions indicates infection with PCV-2; the absence of cytoplasmic inclusions (or polykaryons) does not exclude coinfection with PCV-2. Furthermore, the amount of PCV-2 antigen in pulmonary lesions often exceeded the amount of PRRSV antigen (Figs. 3, 4) . Moreover, polykaryons, when present in lymphoid tissue from these animals, did not contain PRRSV antigen and were almost invariably positive for PCV-2 antigen (Figs. 1,  2) . This finding has recently been confirmed in a paper that appeared recently in the Journal of Comparative Pathology. 7 We suggest that perhaps other workers should examine tissues and sera from natural and experimental cases of PRRSV infection for evidence of coinfection with PCV-2.
Porcine circoviruses (PCV-1 and PCV-2) are robust, nonenveloped, noncytopathic DNA viruses that replicate in a number of different cells, including cell lines of porcine origin. Even intentional infection of cells results in only modest numbers of cells becoming virus positive; the pattern of infection in vitro is characterized by persistence. In fact, detection of infection in cellular monolayers requires immunostaining because no overt manifestations of viral infection are present. Avirulent PCV (PCV-1) was first discovered as an undetected contaminant in in vitro-propagated porcine cell lines. Limited seroepidemiologic studies indicate that PCV-2 infection may be a widespread, frequently asymptomatic, infection in swine populations. When the infection is clinical, pigs often present with a syndrome characterized by postweaning wasting and mortality (PMWS). In this instance, multisystemic inflammatory lesions and the presence of basophilic cytoplasmic inclusion bodies in macrophages and, occasionally, other cell types are indicative of PCV-2 infection.
Importantly, one can account for virtually all of the PRRSV complex lesions by documenting, or at least acknowledging, that affected swine are also coinfected with PCV-2. To our knowledge, the possibility that PCV-2 is contained in PRRSV viral preparations has never formally been excluded by the proponents of PRRSV as a primary swine viral pathogen. To investigate this possibility, we conducted polymerase chain reactions (PCRs) for PCV-2 on ''PRRSV'' isolates from five states. These isolates had been previously obtained for diagnostic purposes and had not been passaged or were passaged once in a laboratory that does not work with PCV-2. PCR product of the predicted size for PCV-2 was obtained from two of these five ''PRRSV'' isolates ( Fig.  5 ). Although these results are preliminary and require further confirmation by serial passage in vitro to isolate PCV-2, they do raise the question of how many other ''PRRSV'' isolates that have been used for diagnostic or research purposes may be ''contaminated'' with porcine circoviruses? We suggest that undetected PCV-2, as a natural coinfection in field cases, as a contaminant of tissue culture inocula used to recover PRRSV from diseased tissues, or in cell culture monolayers used to propagate PRRSV, could well be responsible for the development of many of the lesions attributable to PRRSV.
Finally, regardless of how much we reductionist bughunters may protest, we are well into an era in infectious disease research when classical enumeration of Koch's postulates (one agent produces one disease) to prove causation may no longer be valid as the accepted standard of formal scientific proof. This is readily apparent as ''syndromes'' proliferate within the medical and veterinary literature. Pursuant to a better understanding of wasting disease and other emergent maladies in swine, including sow abortion and mortality syndrome (SAMS), proliferative and necrotizing pneumonia (PNP), and dermatitis/nephropathy syndrome, we suggest that investigators acknowledge the liklehood of PRRSV, PCV-2, and other unrecognized agents as significant and possible coconspirators. We are more than ready to be convinced that our concerns regarding the primal role of PRRSV in the genesis of the constellation of signs and lesions currently attributed to PRRSV infection are unfounded. In the meantime, might we suggest that the name ''PRRSV'' be changed to ''porcine arterivirus-1'' because many of the lesions that comprise ''the expanding clinical scope'' of this syndrome are not uniquely associated with PRRSV and, in some cases, have never been directly associated with PRRSV antigen. 
